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Effects of Glycerol and Urea on Micellization, Membrane Partitioning and
Solubilization by a Non-Ionic Surfactant
Hiren Patel, Gaurav Raval, Mozhgan Nazari, Heiko Heerklotz.
We have studied the effect of two cosolvents, urea and glycerol, on the associ-
ation and interactions of a surfactant, octaethyleneglycol dodecyl ether
(C12EO8) and a phospholipid (POPC). We have measured the CMC, the par-
tition coefficient, the effective mole fractions Xesat and Xesol at the onset and
completion of the membrane-to-micelle transition (membrane solubilization),
and the enthalpies of transfer of surfactant by ITC. Changes in membrane order
and dynamics were characterized by time-resolved fluorescence anisotropy
measurements of DPH, and micelle sizes and clouding by light scattering.
The cosolvents have complex effects that are not governed by the well-known
’salting in’ or ’salting out’ effects on the solubility alone. Instead, urea and
glycerol alter also the intrinsic curvature (’effective molecular shape’) of the
detergent and the order and packing of the membrane. These curvature effects
have an unusual enthalpy/entropy balance and are not additive for lipid and de-
tergent. The results shed light on the phenomena governing lipid-detergent sys-
tems in general and have a number of implications for the use of cosolvents in
membrane protein studies.
1788-Pos Board B698
Attack or Retreat: Two Modes of Membrane Solubilisation by Surfactants
Mozhgan Nazari, Heiko Heerklotz.
Solubilization of a lipid membrane by a micelle-forming surfactant starts with
the appearance of mixed micelles coexisting with mixed membranes and aque-
ous phase. This occurs at a characteristic membrane composition (often given
as the mole ratio Resat) and a characteristic aqueous concentration of surfactant
that is typically somewhat below the CMC of the pure surfactant. Thermody-
namically, both criteria are fully equivalent because they linked by the partition
coefficient. However, there are two scenarios when it comes to the mechanism
of solubilization. On one hand, the surfactant may destroy the membrane by in-
ducing a critical curvature strain superseding the mechanical stability of the bi-
layer. On the other hand, the surfactant may de-mix from the membrane and
associate in the aqueous phase to formmicelles that extract lipid from the mem-
brane. Time-resolved fluorescence anisotropy data of DPH derivatives agree
with other parameters reflecting membrane order in that there is a characteristic,
minimum order of a given membrane (at a certain temperature) and most deter-
gents have to disorder the membrane to this critical state before micelles appear
and solubilization proceeds. However few, mainly bio- and bioanalogous sur-
factants were found to solubilize by demixing without critical disordering of the
membrane. This may account for the superior performance of the latter in sol-
ubilizing membrane proteins in their active state.
1789-Pos Board B699
Interactions of Dodecylphosphocholine with Lipid Membranes
Arpit Shah, Hiren Patel, Mozhgan Nazari, Heiko Heerklotz.
As a bio-analogous surfactant, n-dodecylphopsphocholine (abbreviated DPC,
LPC, or FOS-choline-12) has been proven useful for membrane protein studies.
We present a detailed characterization of its temperature-dependent self-asso-
ciation (CMC, deltaCp) and its interaction with liposomes. We describe mem-
brane partitioning, membrane permeation, membrane permeabilization (i.e.,
leakage to aqueous solutes), membrane lysis/solubilization to micelles and
structural aspects by means of ITC (demicellization, uptake-and-release, solu-
bilization-and-reconstitution assays), static and dynamic light scattering
(NIBS), the lifetime-based dye leakage assay (for details on the method see
Soft Matter 2009, 5:2849), and the time-resolved fluorescence anisotropy of
membrane probes. The results are important for the optimization of membrane
protein solubilization and reconstitution into proteoliposomes.
1790-Pos Board B700
Reproduction of Vesicles upon Fatty Acid Addition
Nicole A. Pfleger, Albert J. Markvoort, Ben de Kruijff, Rutger A. van Santen,
J. Antoinette Killian.
A pre-requisite for life is the formation of membranes. Those membranes need
to be stable under a wide range of conditions, but still need to be able to orga-
nize into different supramolecular structures to allow them to respond to
changes in the environment. One of the challenges the membranes need to
face is to deal with all the changes (e.g. size/ shape/ aggregation forms) that
are required for the reproduction of cell like systems.
Previously [1] we suggested a mechanism of the reproduction of lipid vesicles
upon fatty acid addition. One important feature for this mechanism is the rela-
tive rate of two processes: The insertion of material into the outer leaflet on the
one hand and the equilibration of the material concentration gradient across
both leaflets on the other hand. Based on a combination of experiments and mo-
lecular dynamic simulations we proposed a mechanism of ‘‘vesicle replicationby growth and division’’ with the interesting property that the contents of the
vesicles do not leak out during this process.
Here we provide additional support for this mechanism based on density gradi-
ent separation of vesicles and on experiments with different types of preformed
seed vesicles. In addition these results indicate that the alternative mechanism
of ‘‘de novo’’ formation as proposed for fatty acid seed vesicles [2] is highly
unlikely for the reproduction of lipid containing vesicles.
[1] Markvoort et al. Biophys. J.(2010), 99, 1520-1528[2] Chen et al. Biophys.
J.(2004), 87, 988-998
1791-Pos Board B701
The Competitive Binding of Ca2þ vs. Mg2þ to PIP2-Containing Lipid
Monolayers and the Comparison of Pi(4,5)P2 and its Isomers
Yu-Hsiu Wang, Paul A. Janmey.
Interactions between divalent cations and PtdIns(4,5)2-containing lipid model
membrane are investigated. Surface pressure measurements of lipid mono-
layers formed by binary lipid mixtures containing 25mol% PIP2 were used
to quantify divalent cation binding. Direct titration and competitive binding as-
says show that divalent cations including Mg2þ, Ca2þ, Sr2þ, Ba2þ, Co2þ, Ni2þ,
Cu2þ, Zn2þ and some multivalent polyamines bind PIP2 with Kd ranges from
200nM-50uM. Some of these cations, which are considered physiologically im-
portant, were examined more closely and evidence for divalent cation-induced
lateral segregation of PIP2 is presented. Such studies are based on fluorescence
and atomic force microscopic studies of Langmuir-Schaeffer lipid monolayers,
and are coupled with numerical studies. Ca2þ and Mg2þ have similar binding
affinity to PIP2-containing monolayers, but Ca2þ induces PIP2 lateral segrega-
tion more efficiently than compared to Mg2þ. Ca2þ vs. Mg2þ competitive bind-
ing assays are also carried out on PtdIns(3,4)P2- and PtdIns(3,5)P2-containing
monolayers. Significant differences in the response of these three PIP2 isomers
to divalent cations are found.
Besides monolayer studies, PIP2-cation interactions are also examined on a bi-
layer system. Fluorescence correlation spectroscopy (FCS) and laser scanning
confocal microscopy (LSCM) are used following divalent cation titration on
asymmetric labeled PIP2-containing giant unilamellar vesicles (GUVs). The
diffusion coefficient and the fluorescence intensity variance of fluorescent
PIP2 change with increasing divalent cation concentration. Fo¨rster resonance
energy transfer (FRET) studies using bi-color labeled PIP2 are also carried
out in a large unilamellar vesicle (LUV) system. These results together reveal
that the lateral inhomogeneity of PIP2 changes with divalent cation concentra-
tion on bilayer model membranes. These results may provide insight into diva-
lent cation-induced PIP2 microdomain formation in the cell membrane.
1792-Pos Board B702
Phosphatidyl Serine Containing Liposomes on Titania: Phase Behaviour,
Bilayer Formation, and Lipid Asymmetry
Sandra Camarero, Cornelis Lu¨tgebaucks, Rik Matena, Marta Gallego,
Hanna Wacklin, Ilya Reviakine.
Interactions between surfaces of inorganic materials and biological systems are
important in numerous technological contexts (implant integration, biosensor
development). They also present basic challenges. For example, the role of sur-
face ion equilibrium in the biological response to the material is not well under-
stood, although a casual link between the two has been proposed. Here, we
investigate the behaviour of phosphatidyl serine (PS)-containing liposomes
on TiO2 as a function of liposome PS contents and solution Ca2þ concentra-
tion. We determine a ‘‘phase diagram’’, where a percolation-type transition be-
tween adsorbed liposomes and supported bilayers is observed, describe the
driving force for this transition, and identify the role of surface heterogeneities
in this porcess. Finally, we quantify the distribution of PS in the resulting sup-
ported bilayers by neutron reflectometry.
1793-Pos Board B703
Cholesterol Superlattice Modulates Drug Release from Liposomes
Berenice Venegas, Nicole B. Haloupek, Janet Lee, Elizabeth Zellhart,
Mohammad F. Kiani, Parkson L.-G. Chong.
Combretastatin A4 disodium phosphate (CA4P) is an anticancer drug currently
under Phase II clinical trials. CA4P disrupts tumor blood vessels, causing ex-
tensive tumor necrosis. Liposomal CA4P, as opposed to free CA4P, can reduce
the drug’s side effects and achieve targeted delivery. Previously we have shown
that liposomal CA4P significantly delayed tumor growth in mice (Pattillo et al.
(2009) Pharmaceutical Research 26, 1093-1100). However, the overall efficacy
of the liposomal CA4P was still low. One of the strategies to improve this
efficacy is to optimize the liposomal formulation. In this study, we have devel-
oped a new fluorescence assay and used it to examine the effect of cholesterol
content on the release of entrapped CA4P from unilamellar vesicles (~180 nm)
composed of cholesterol and POPC. We have used small cholesterol
increments (0.5 mol%) over a wide range of cholesterol mole fractions
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with cholesterol content in an alternating manner, showing a local maximum at
20.0, 22.2, 25.0, 32.8, 40.0 and 50.0 mol%. These cholesterol mole fractions are
in excellent agreement with the theoretically predicted cholesterol critical mole
fractions (Cr) for maximal superlattice formation. Similar results were obtained
at 37oC. The faster release of CA4P at Cr can be explained in terms of the sterol
superlattice model. At any given cholesterol mole fraction, sterol superlattice
regions always coexist with non-superlattice regions. At Cr, the interfacial
areas between superlattice and non-superlattice domains reach a local maxi-
mum (Venegas et al. (2007) J. Phys. Chem. B., 111, 5180-5192). Since the in-
terfacial areas have more void space and volume fluctuations, CA4P can leak
out more easily at Cr. These results may help to optimize the liposomal
CA4P formulation to achieve higher efficacy for cancer treatment.
1794-Pos Board B704
Effect of Amide-Linked Acyl Chain Length on the Sphingomyelin-
Cholesterol Interactions
Shishir Jaikishan, Christian Ija¨s, Thomas K.M. Nyholm, J. Peter Slotte.
Sphingolipids are important component of eukaryotic membrane and are crucial
for several physical as well as biological processes in cells. Sphingolipids play
key role in the lateral domain formations which further assists in cell signalling
and various significant cellular phenomena. Even though sphingolipids display
an extensive diversity in their structures both in the head group and hydrophobic
region, sphingosine (D-erythro-2-amino-trans-4-octadecene-1, 3-diol) is the
prevalent backbone inmostmammalian sphingolipids, including sphingomyelin
(SM). The aim of this study was to examine how variation in the chain length in
SM affect their bilayer properties as well as their interactions with cholesterol.
We have synthesized SM analogs with different amide- linked acyl chains
(14:0, 15:0, 16:0, 17:0, 18:0, 19:0, 20:0, 22:0 and 24:0). Themain transition tem-
perature and the degree of acyl chain order in pure SM bilayers was determined
from the steady-state anisotropy of diphenylhexatriene. Ordered domain forma-
tion and sterol interaction with SM analogs was determined from the quenching
susceptibility of dihenylhexatriene and cholestatrienol. Sterol affinity to fluid bi-
layer membranes containing saturated SM analogs was determined using a cho-
lestatrienol equilibrium partitioning assay.We found that all SManalogs formed
ordered domains ina fluid bilayer. Sterol was always included in these ordered
domains, albeit to a varying degree. The thermostability of the ordered domains
was remarkably similar, even though the SM acyl chaing length varied (16-24
carbons). Only 14:0 and 15:0 SM formed less thermostable ordered domains.
We hope our results will enable us to better understand the behavior of asymmet-
ric SM molecules in complex membranes, and to predict how they influence
properties of biological membranes.
1795-Pos Board B705
Combined Fluorescence and Brewster Angle Microscopy of Dmpc/D-Cho-
lesterol Mixed Langmuir Films
Fanindra Bhatta, Pritam Mandal, Edgar E. Kooijman, David W. Allender,
J. Adin Mann, Jr., Andrew J. Bernoff, Elizabeth K. Mann.
The phase diagrams of DMPC/Cholesterol mixed Langmuir films have long
been studied as an example of the critical mixing/demixing transition, with pos-
sible applications to membrane domains (rafts) in the much more complex bio-
membrane system. However, most of these studies have been performed with
fluorescence microscopy, requiring the addition of a fluorescent probe, which
can in principle affect the phase diagram. Here we combine Brewster angle
and fluorescence microscopy on the same trough which allows us to verify if
identical domain patterns are seen by the two techniques. Comparing Brewster
angle results with and without fluorescent probe provides insight into the role of
the probe on domain morphology and the surface pressure dependence of do-
main formation. We also compare the line tensions of the domains measured
with and without the fluorescent probe and draw conclusions on the potential
problems encountered when using fluorescent probes.
1796-Pos Board B706
Lipid Lateral Diffusion and Hydrocarbon Chain Order
Olivier Soubias, Walter E. Teague, Klaus Gawrisch.
Recent advances in molecular simulations have stimulated new discussions on
themolecularmechanisms of lateral diffusionof lipids influid bilayers. To enable
a deeper comparisonbetween theory and experiments,we conducted a systematic
study of lateral diffusion rates for a series of phosphatidylcholines with 14, 16, 18
and 20 hydrocarbons per chain over the temperature range from 10 to 600C. Bi-
layers of the pure lipids aswell as binarymixtureswith 30mol% cholesterolwere
investigated. Diffusion coefficients weremeasured by 1HMASNMRwith appli-
cation of pulsed magnetic field gradients. All lipids had saturated, perdeuterated
sn-1 chains that enabled measurement of chain order parameters by 2H NMR.
From the average chain order parameters effective hydrophobic thicknesses of
bilayers and lateral areas per lipid molecule were calculated. This enableda quantitative comparison of experimentally determined and calculated lateral
diffusion rates as a function of chain length, cholesterol content and temperature
using a free-volume model of lateral diffusion. The implications of this compar-
ison for models of lateral lipid diffusion will be discussed.
1797-Pos Board B707
Interactions Between Carboxyl Terminated Nanoparticles and Phase
Separated Lipid Monolayers
Benjamin L. Stottrup, Ravi Tavakley, Sylvio May, Matthew P. Goertz,
Howard L. Brockman.
Line tension between coexisting liquid phases in phospholipid/cholesterol
model membranes is an extremely rich area of study because of its application
to the raft hypothesis. Monolayers present an ideal system to study fundamental
interactions in lipid raft forming compositions. We have previously described
a method to extract line tension using Fourier analysis of domain boundaries.
Here we present observations of the influence of 20 nanometer carboxyl termi-
nated polystyrene nanoparticles on the line tension in raft forming monolayers.
Combining the novel experimental approach developed by Brockman and col-
leagues [Anal. Chem. (2006) 78:1657-64] with fluorescence microscopy we are
able to observe a phase separated lipid monolayer with varying sub-phase con-
centrations of nanoparticles. Fluorescently tagged nanoparticles reveal their co-
localization at the interface between two monolayer phases. A theoretical
model will also be presented to describe this behavior.
1798-Pos Board B708
In Vitro Coralling of a Transmembrane Protein in a Double Cushioned
Lipid Bilayer Assembly
Kumud R. Poudel, David J. Keller, James A. Brozik.
In this talk, the characteristic motion associated with a large transmembrane
protein (5HT3A*) in a Double Cushion biomimetic assembly, is an assembly
that is passivated with a Bovine Serum Albumin layer along with PEG(poly-
ethylene glycol) as the cushion will be presented. These results will be com-
pared to receptors in both planar POPC assemblies and Single cushion assem-
blies. The main conclusion of this work is that while FRAP recoveries (percent
bulk mobility) of these large membrane receptors are quite low in these sys-
tems, Single Particle Tracking (SPT) has revealed reasonably large mobile frac-
tions when viewed at much higher spatial resolution and slower time scales.
This is especially true for receptors in the ‘Double cushion’ assemblies. These
assemblies display very low FRAP recoveries, but SPT clearly reveal that
nearly all receptors are actually quite mobile but are spatially confined to
very small corrals. The high mobility of receptors in these corralling domains
demonstrates that the strong attractive interactions between the transmembrane
protein and solid support have been virtually eliminated and therefore it is rea-
sonable to believe that these receptors will remain active.
1799-Pos Board B709
Divalent Cations Reduce the pH Sensitivity of OmpFChannel Inducing the
PKA Shift of Key Acidic Residues
Marı´a Queralt-Martı´n, Elena Garcı´a-Gime´nez, Salvador Mafe´,
Antonio Alcaraz.
In contrast to the highly-selective channels of neurophysiology employing
mostly the exclusion mechanism, different factors account for the selectivity
of large channels. Elucidation of these factors is essential for understanding
the permeation mechanisms in ion channels and their regulation in vivo. The
interaction between divalent cations and a protein channel, the bacterial porin
OmpF, has been investigated paying attention to the channel selectivity and its
dependence with the solution pH. Unlike the experiments performed in salts of
monovalent cations, the channel is now practically insensitive to the pH, being
anion selective all over the pH range considered. Electrostatic calculations
based on the available structural data suggest that the binding of divalent cat-
ions has two main effects: i) the pKa values of key ionizable groups differ sig-
nificantly from those of the isolated groups in solution and ii) the cation binding
has a decisive impact on the effective electric charge regulating the channel se-
lectivity. A simple molecular model based on statistical thermodynamics pro-
vides additional qualitative explanations to the experimental findings that could
also be useful for other related systems like synthetic nanopores, ion exchange
membranes, and polylectrolyte multilayers.
1800-Pos Board B710
Structure and Compositional Heterogeneity of Model Skin Lipid
Membranes: Site-Directed FRET Approach
Eugene Pashkovski, Nwanyinma Nnodum.
The coexistence of ordered domains found in reconstituted skin lipid mem-
branes using Laurdan GP imaging (I. Plasencia et al., Biophys. J. (2007) 93,
3142) suggests that the membranes are laterally heterogeneous on the micro-
scopic length scale. The coexistence of the domains having different water
